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PREFACE. 

Thr following investigations were rarriod out wliiUt I was ifotanist to 
rlie Bihar Planters" Association at Siisiah Besenrch Station. When (liis 
.station was closed down iti May, 1!)1;A T hoped that 1 iiiight Ucahh-fo 
continue this %vork but this is found now to bo very improljablc. Simv 
definite information on certain points has been obtainorl, the publication of 
the results may be of value iii view of tlie fart that very lifth’ is known 
of the biology of indican in particular and glucosides in general. 

I wash to take this opportunity of thanking Mr, Beigtlieil. late Director 
of the Sirsiah Research Station, foi‘ the help and advice that lie gave iiu‘ 
throughout the work. 1 wish to I hank also i\fr. llarrison. ( loveTiinunit 
Agricultural Chemist, for allowing me to finisli off several cx|>eriments in Ins 
laboratory at t'oiinkmtorc, 


CoiMBATOUE. 


SiJi March, 1915. 
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EXPERIMENTS ON THE PHYSIOLOGY OF 
INDIGO-YIELDING GLUCOSIDES. 

BY 

K. H. PARNELL, R.A., 

Gorey^]merif Eroni))ti 'ir Botaniisf. Mmhvs. 

Indigo* YIELDING G lltosidk.s, 

OcctiYvenci' . 

Ax iiicligo-yieldlng glucoside occui's in a ii umber of plants representing 
widely separated natural orders and iuchiding trees, woody shrubs small 
herbaceous plants and epiphytic orchids. As far as can be seen those plants 
do not possess in common any special character from which one can judge the 
biological significance of the glucoside. 

Localization, mdcroscopic . 

The localization of the glucoside in the plant is found to vary considerably 
in different species. Leake^ examined a number of species in detail and sum- 
marized previous work, mainly of Molisch and Beijerinck, on this subject. 

In Polygonum tinctorium, Ait,, the glucoside is confined to the leaf lamina, 
Leake,' Molisch A 

In Indigofem sj)]). it is practically confined to the leaf and youngest parts 
of the stem though a small amount, varying in the different species, occurs 
in some of the reproductive organs, Leake.' 

Ill Imlis tincioria, Jj., Molisch'^ and Beijcrinclr’ have shown it to occur 
in parts of the young roots in addition to the aerial vegetative organs. 

In Phajus spp. and Calanthe spp. Molisch^ finds it in the flower and 
roots in addition to the aerial vegetative organs. 

Wrightia tinctoria, Br., is described by Roxburgh^ as containing indigo 
in the leaf. In the course of the present work it was found also in the seed 
in considerable quantity, in the young roots tliroughout and in the outer 
cortex of the old roots. It is absent from the laticifcrous vessels, 

’ Leake, H. M. Annale of Botany, VoL NIN, No. LXX1\, Ajnil, 1905, p. 297. 

^Moliscb, H. der Akud. d- II^-***. in IHch., Bd* ClI, AbU 1, 1893, p. 209. 

* Beijerinck, M. W. Proc. K. Aknd. Wettmeh. Amdcrdam, Bd. IL 1900, p» 495. 

♦ Roxburgh, W. F^ora indica, 1874, p. 585- 
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Wi'ifjhda foniet}{osa, IX. &. 8., 'was found to contain none in the aerial (ulgi;!- 
biit considerable (|iiantities in the seed and roots as in W nrfhtia (indo/'ut. 

Thus the localization of the glucoside in the plant is not suggestive of a^v 
special function common to all the plaints in which it occurs ; on the ot}:;-; 
hand, the important ditfcTences shown rather raise doubts as to the existence *.[ 
a common function, 

L oca liza t iov , mierosco^de. 

With regai'il to the localization inside the cell Molisch' considers tliai 
some special relation exists between the indican and chloroplasts and Sf^ks 
to piYn'o this by sliowing that, wlien the leaf is treated with the vapour nf 
alcohol or ammonia, indigotin is depo, sited in tlie cell in close contact witli thi- 
chloroplasts. Leake * shows that this is not the case when an acid persul])hatf' 
fixing solution is used. Leake's solution is capable of depositing indigotin 
wherever it comes into contact with indiean. !n MolisclCs metliod partial 
a.sphyxiation allows the indican and enzyme to interact with proiinctiou nf 
iudoxyl and glucose, tlie former then being oxidized to indigotin either spna 
taneously by oxygen in solution in the cell-sap or through the agenev of ati 
enzyme. On examination it was found tliat an oxidase or peroxidase, or botii, 
occurs in the glncoside-beariiig parts of all the plants examined, riz. I . 
ayrecta, I. sumedmna. Th, ii^icfonn. Ifk {omeidos(t, (^rotalaria ijicano and Phajfi.': 
,v/n ft is obvious that it oxidation is bi'ought about by this enzyme the indigo- 
tin will be deposited in close contact with the enzyme irrespective of Avlicif 
the original indican was localized. Kven if no enzyme is concerned in the oxi- 
dation, the localization of the glucoside splitting enzyme and any possit.sk' 
variation in oxygen concentration in different parts of the cell would largely 
control the point of deposition of indigotin. Molisclrs results therefore camioi 
he accepted as demonstrating aiiv connection Iteiwren the glucoside and 
chloroplast.s. 

Naliire of f/bn-o.saWe. 

tSclmnck ^ was the first to show .that the indigo-]>roducing substaoee 'd 
Jsatiji tmetorm and Pohjf/OHWn (incto/ium is of the nature of a glucoside. whe ii 
be named indican, capable of yielding indigotin and a sugar on Inulrolysis. 

llazewinkel showed that indiean obtaijicd from Indi^^o/efa lepioslttchn'i 
{ — 1. arrecta, (lochst.) is a compound of indoxyl and dextrose. This was 
confirmed by Perkin and Bloxanr" who prepai'cd large quantities of |"in^ 

I }J. Hh'. (I Urnhsdi. Bo(. GV .,'//. Hd. XYii, 1800, p. iiS. 

- Leak’. H. M. An,mh o/ rivUouj. Veil. XIX. XV, I, XXIV. April— 1005, p. 207. 

SSflnmck, E. Phil. (4) Vol. X, p. 74. and VcL XV, 1858, p. 127. 

' Hazi'winkel. .1. .1. Piw. K. Abid. 1 1 '0^ AmAcdam. lid. .11, 1000, p. 512. 

J fVrkiii, A. 0., ^rrid Blu.xam. W. P- -P. Chan. Tnut.<. WI. XCh 1907, p. Hla 
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liuiican and juade a careliil study ot its pi'oportios, Tlu-v al^u sli{,\wti tluit 
die glucosido ol /. siaKalrana, Gaort.. is identical wilh that i'roni /. nyfrclo. 

Beijei'inck ‘ showed that the ghicoside of llrHona ditlVis fi-uni 

mdicaii ill that it is decomposed by even feebly alkaline soluiions wlu'ivas 
indican is stable in concentrated alkaline solutions. 

In the course of the present work it was noticed (hat t lie ydiuosido 
W'fiyhfia tindoyia was hydrolised by acid more slowly than was indiean from 
/. arrevta under similar conditions. V roiigli ex])ei'iment desiLmed (o proM* 
this quantitatively was carried out and the results are given in 'I’able i. In 
each case to 2b0 c.c. of plant extiai't at did' was addetl d e.c. of slroiig 
hydrochloric acid and 3 c.c. of 1,0 per cent, ammoniuni persnljiluitt' solullon 
Vfter definite times the indigo precijiitated Wa.s liltered olf and estimalod wiiii 
standard permaiiganiite solution. 

T.mo.e I. 

Acid Hydrolysis of (Jfucosides of 1. arrec-la and \\ . tinetona. 



IxniooTix pimncL'Ei) 

~ Pekmaxg axatk n.r. 

Fkr<;e><t HyDRurnKii 

Ti.me 

Indi/JO 

Wi'igtUia 

Indigo 

Wrightia 

hoiii 


3'ld 

()7'.7 

W'2 

do- 

:J-S6 


()7-r) 


1 hoji- 

i-:\ 



i:ci 

df>. 

43 

3-85 

7o'[> 

113 

!■ Ijoui’s 

5'7 

S‘7 

too 

KJii 

do. 

5'7 

S’().i 

100 

PKI 


A better idea of the comparative rates o). livdrolysis would have been 
obtained if the ])lant extracts had been more nearly ol e([ual eoiitent . }'et 
the results undoubtedly show that the /nd/f/q/c/v/ ghieosid** is more ivadily 
liydrolised by acid than is that of ]yn!jlilia. 

A more careful experiment for comparing the action ol the respect ivc 
‘■nzvmes was carried out with the result shown in Tabic 11, Here the extracts 
were made approximately of equal content alter a preliminary esiimation. 
in each (‘asc the enzvnie powder \\as made by extracting tin* In'sli leaf willi 
■dcohol of about 90 per cent, till yellowish, drying, grinding, a.nd pa.ssing 
through a fine gauze sieve. It may be noted heiv that W'liyhfia enzyiim 

will stand mucli less alcohol treatment than that oi I nd/yajcrfi. audit is 

iii‘Ce.ssarv to get the whole extraction doin* in alauif oin* hour foi' the 

powder to be very active, 1 . sin/ialrarai was used in this ex|'ej'inn*nt . 

' M. \v. /’/W. K. Abd- W 'hu.^rh. AmAorlMw. ttd. Ill, !'■ 
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In each caoc luO c.c. of plant extract was used, to this was added li e 
drops of chloroform, O'o gm. enzyme or 0*75 ^vw.Wrighlia enzvi'e 
and the whole put on a shaking machine for the time stated. To stop tie 
action 10 c.c. of strong ammonia was added and the whole shaken with nii 
for some time to oxidize any indoxyl present. After boiling and filtering t]]e 
remaining glucoside w-as estimated by the indirubin method. 

Table II. 


Interact ion of Enzymes and (ftucosides of I. sumatraua and \V. tiuctoiia. 



1 


Per cent. 

HYDROLISED 


No. 

Enzyme 

Time 

Indigo 

NVrightia 

Remarks 




, Extract 

Extract 


1 

, 

’ Indigo 

4 hrs. 

8:co 

S4-1 


2 

do. 

I do. 

74-6 

37*4 

1 

, Shaken together, 

■A 

do. 

^ 16 

! loo-o 

31-1 


4 

; do 

i do- 

j IDO-O 

29 0 

i' 

5 

^ Wrightia 

1 4 hrs. 

! 33-f) 

869 


U 

' do. 

i do 

I 'S8’l 

83-6 

. - do. 

7 

do. 

16 hrs. 

i 67-0 

100 -0 


8 

do. 

do. 

72-a 

100 ’0 

1 


N. B . — Relative concentrations of extract ; Indigofcm 118, W right ia 107. 

It will be seen from the Table that I ndigofera enzyme ‘dct& much more 
strongly on Indigofera extract than on Wrightia and vice versd. There is not 
the least doubt that both the glucosides and enzymes, although very similar, 
are not identical. 

Physiological Coxsidebation.s. 

WrlgJdia Se.ed and Seedlinys. 

Both W, tinctoria and W. tomentosa, as noted above, contain an indigo- 
producing glucoside in the seed. The following experiments were designed 
to show what effect germination and growth would have on the quantity of 
glucoside present. 

The seeds are large and easy to handle, If. tinctoria being about tlie size 
and shape of an oat grain, If. tomentosa being rather smaller. An even hatch 
of good sound seed was picked out and sowm in w^ell washed nitrogen-free 
sand in porcelain pots. These were w^atered throughout with nitrogen-free 
distilled w^ater and lots were taken for analysis at intervals throughotifc 
germination and growth. 
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It was found impossible to get full germination so that the actual weight 
of seed giving each lot of plants could not he determined. For this reason 
the results are expressed in terms of numbers of seedlings. Equal numbers 
do not represent absolutely equal weights of seed and to estimate the experi- 
mental error thus involved weighments were made of several random lots 
of seed from each batch, in number the same as the lots of plants analysed. 
These are given at the foot of each table. 

In all cases the glucoside was estimated by extraction with boiling water* 
and precipitation of indirubin by boiling with hydrochloric acid and isutiii 
in an atmosphere of carbon dioxide. In Tables III and Y the indirubin was 
measured tin to metrically in alcoholic solution ; in Table IV it was weighed. 

Table III. 


Wrightia tinctoria Seed germinated ami grofvn on distilled imter. 



Number 

seedlings 

Age 

Indirubin 

Average 


No. 

in 

per 16 

relative 


days 

plants 

amounts 


1 a 

16 

2 

0 0097 1 

1 

Seed germinating, radicle 1'-- 1" 

b 

do. 

do. 

1 0 0093 ! 

long. 


do. 

4 

[ 0-0123 

1-30 

Radicle with root haiia, cotyle- 





doni^ about to open. 

3a 

b 

do 

do. 

7 

do. 

i 00143 1 

0 0139 f 

1-48 

Cotyledons well open 

4 a 

do. 

n 

0-0161 

1*70 

Plumule elongated. 

5a 

b 

6 6 

15 

do. 

0 0175 \ 

\ 0-0180 1 

1-87 

Ish pr. real leaves. 

6 a 

do. 

•25 

i o o‘j;k3 \ 

*3"55 

2nd. do. 

b 

do. 

do. 

0-('262 I 


7 a I 

do. 

.^8 

0-0269 ? 

2*95 

3rcl. do. 

b ' 

do. 

do. 

0-0292 1 


8 a 
b 

16 

8 

5.3 

do. 

U'0260 1 
■ ()-0252 f 

2‘70 

1th. do. 

Slightly yellowish. 

da 

b 

10 

do. 

77 

do. 

0-ni77 1 

1 0*0153 f 

1*74 

do. very yellow, nitrogen 
starved. 

10 a 

do. 

99 

0-0248 1 

2-50 

Nitrate solution added after 

b 

do. 

do. 

0*02-28 1 

1 

No. 9 analysed and plants 
healthy looking again. 



Seed weight, 16=0-782, 0’905, 0 833, 0-750, Average 0 817. 


' Very careful extraction nccos«ary to ensjure removal of all the jilnco(<Ulo fiom the ^eed. 
The procedure was to hoii Jl— 4mms., tiltci Ihrongli fine linen, jinnd in mortar, btnl anil filter 
ogain squeezing the pulp in linen, boil and filter once more. Ihc milky extract cieare| 
)jy twice washing with ether and then boiling witli a trace of ammonia and iilteiing tlirmigh 
paper. 
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Table IV. 


Wriglitia tinctoi'ia tieed gemimted and groim on distilled water. 



Number 

seedliiiga 

Age 

Weight 

Indii'iihin 

Average 


No. 

Ml 

when 

per 

relative 

Remarks 


days 

analysed 

100 

amoants 


Ala ■ 

100 

Nil. 

4 ’3?) 

n'06.3 1 

1 

Dry seed. 

b 

do. 

do. 

4 -(15 

0 061 f 

,, ‘J a 

do. 

4 

8-23 

0'068d 1 

1-19 

(lerminated, radi- 

b : 

do. 

do 

8'65 

0-079 1 

ole r. 

,, 3a, 

do. 

8 

jOfi.T 

0-079 1 

' 1-29 

Radicle 1" wirli 

b ' 

do. 

do. 

l()-63 

0-0806 f 

root hairs. 

,, 4 a 

b ; 

112 

do. 

12 

do. 

30 '30 
32-70 

0-093 [ 
0-095 f 

1-51 

Cotyledon,? well 





open. 

B 1 a 
b : 

lOU 

do. 

Nil. 

do. 

4--n 

4-18 

0-071 1 
0-074 1 

1 

Dry seed. 

,, 2a : 
!>', 

102 

do. 

do. 

37-00 

40-60 

0-U91 1 
0-0905 1 

1-27 

1st. pr real leaves 

„ 3 a : 
b 

77 

do. 

31 

do- 

42 00 
42-50 

0-184 i 
0-187 t 

1 2'56 

3rd. do. 

Seed weight A G50 

-27'G2 

, Avei’tige 

iOO-1’25. 




11 100 

= 4 GO, 

4-G4, 4‘51 

. 4 ’05, Average = 4-;j.j 



N.B.~ \ and H l•epresel)^: 8red from diOereiit souitps. 

Table A'\ 


Wrightia. toinentit.sa Seed genninaled and grown on distilled water. 



1 

Ntniibej- 

seedlings 

Age 

Indirubin 

Average 


No. 

in 

days 

per 16 
plants i 

relative 

amounts 

llEMARKfi 

1 a 

16 

Nil. 

0-d0iu6\ I 


Dry seed. 

h 

do. 

do 

0-00438 j ' 


2 a 
b 

do, 

do 

0 

do 

0 -03450 1 
0-00410 (1 

1-02 

Gei'miiiftting, radicle C' long. 

3 a 
h 

do. 

do. 

10 

ilo 

0-003TOV 
0-001115 J 

0 92 

Cotyledon.? w-ell op3n. 

4 a 
b 

do. 

tlo. 

23 

do. 

0-0048.3 1 
0-00447 1 

i-iu 

Lst. pr. real leaves. 

.5 a 
b 

6 6 

35 

do- 

0'0n439 1 
0-00.517 I 

113 

2nd. do. 

6 a 

do 

47 

04)0392 

U-93 

3rd. do. 

Seed weight. 16 

= 0-381, 

0-387, 0‘H4, 

0-382, 

Average = 0*301. 




F. R. PARNELL 


■m 

rt will be seen from Table III that in li . (iacioria the ai>iount of ^hicoside 
increases as the sccdlmg develops until a maxiimiin is reached in Xo. 7 at 
(lays. After tbis the seedlings stop growing, begin to got yellow and sliow 
obvious signs of nitrogen starvation and the amount dccrea.ses. Nitrate 
solution was supplied to the seedlings at this stage and tlm.y rapidly reeovorod 
and the glucoside content increased. Table \\ ctmlirins these results 
on a larger scale, so far as the gradual increase of glucoside is (•oncen\ea, 
[)ut was not carried far enough to show the ultimate decrease. It appears 
that in the ordinary course of germination the glucosidi^ of the seed does not 
act as a nitrogenous reserve for use in building up new tissue hut actually 
increases at the expense of other nitrogenous matter. Whejt. however, nitro* 
gen starvation begins to be felt the glucoside begins to disa]ipeai'. apj>arently 
being drawm on as a source of nitrogen. It is obviously not very readily 
available for this purpose, however, since Nos. \) (u) and (6) of 'rabic 111 were 
almost on the point of death from lack of nitrogen and yet containeti a good 
deal of glucoside. It may be noted iiere that the glucoside nitrogen {(‘prcsciKs 
only slightly more than 1 per cent, of the total nitrogen of tlie seed. 

Table V shows the very different behaviour of 11’. toweutosn under .similar 
conditions. It is evident that the amount of glucoside l eniains fairly constant 
for the period shown. There is no large increase comparable with tliat of 
If. tincloria. This is no doubt connected with the fact tliat in If. (omentOHa 
the glucoside is confined to the root system whereas In If. tindoriu it is present 
also in the leaf and young stem. The meaning of these differences is not clear 
on the supposition that the function of the glucoside is the same for both 
species. 

Owing to lack of seed the experiment could not be repeated on a larger 
.scale and stages showing nitrogen starvation could not be included. 

Con&am^txon of Glucoside by Dccelo-piwj Culhngs. 

Polygonum tinctonum and StrobtlunOies fiaccidijolius were cLoseji as indigo- 
yielding plants which very readily strike root when parts of the shoot are 
placed in water. It was possible, by making duplicate lots of cuttings, analysing 
one immediately and the other after growth for some time on nitrogen-fxce 
water, to detect any consumption of glucoside taking place under these condi- 
tions. Cuttings of various sorts were tried in this mamier, c.g., growing points 
with a few leaves, axillary shoots with node of origin with and without sub- 
tending leaf, single leaves with node of origin and axillary bud, etc. In all 
cases a number of similar cuttings was made and divided into two lota a and 6 
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by taking paii'S aa nearly alike as possible ; a was analysed directly, b struck 
and analysed after growing for some time on nitrogen-free distilled water. 
The cuttings rooted freely and show^ed considerable increase in weight. 

Tables Vl and Vll give the results obtained and show in every case a 
reduction in the amount of glucoside after growth. 

Taelk VF. 


Polygonum tinctoriiini Cuttings. 


No 

No. of 

Original 

Days 

Final 

Per cent 

i 

1 

Indigotin Per cent. 



tinffs 

weight 

water 

weight 

crease 

percentage ; diffee. 

i 



89 

7-30 




0-2.56 \ 

Axillary shoots 







-59 

with node of 

b 

87 

7-00 


12-65 

80-9 

0-104 f 

origin. 

i a 

86 

8-1.5 




0-3-24 1 








1-77 

do. 

b 

8.5 

7-74 

20 

13-67 

76-4 

()-075 ,1 


a 

25 

7-65 




0-266 \ 








>--0'7 

do. 

h 

2.5 

7-21 

22 

12-0 

66 4 

0-264 f 


4 a 

22 

10 -20 




0-310 \ 








1-78 

do. 

b 

i ^ 

i 10-60 

22 

18-4 

73-.S 

: 0-069 } 


.5 a 

88 

11 ■22 




0-4.59 \ 








V-14 



b 

28 

17 

10 

12-0,5 

47 

i)'395 J 





i 






*>Same batch. 

■6 a 

86 

1.5-10 i 




0 307 ) 





! 




1-13 

, 


b 

34 

15-40 i 

10 

•20-67 

;u 

0-267 } 


7a 

50 

10-87 i 




0-.836 1 

, t •IS.-', 



b ^ 

47 

9-90 1 

24 

16 "2 

64 

1 1 -.7 .) 

0 -2.57 ./ 



8 a 

;ki 

i 10-82 




0-.36-2 , \ 









' -27 


Same batcli. 

b 

27 ' 

1 

9-30 

1 

' 24 

L5-4 

66 

0-264 ' 



9 a 

18 

1 10-80 




0*270 \ 

1 1 Q.O 



h 

17 

1 9-90 

i 18 

15-6 

1 58 

' 

0-245 1/ 




N.B. — 1-4 by indigotin method, 

5-9 by indirubin method, 

both calculated as indigotin % of original cuttings. 
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Table VIL 




Strobilantlies Haccidifoliiis CutHmja, 


No. 

No. of 
cut- 
tings 

Origi- 

nal 

weight 

Days 

on 

water 

Final 

weight 

— 

Percent 
wt. in- 
crease 

InOigotin 
per cent. 

Pftr cent. 
Oitfee. 

Remark^ 

1 a 
b 

F2 

12 

204 

19“5 

6 

22b 

17-6 

0-89i) 

0-83O 

1 

Axillary shoot wiHi 
half iiodf. 

b 

26 

' 26 , 
' i 

32 -7 

.too 

30 

j 

25'S 

0'S7 

0-82 

} ^ 

Young axilly. slumt 
with sitbfg. lo.if. 

a 

b ! 

7 ; 
7 1 

6-0 

61 

30 

1 ... 

1 7 96 

30-4 ! 

1'26 

1-04 

} " 

Younger »li). 

4 a ; 

6 i 
6 \ 

6- 3 

7- 4 

m 

i 

1 11-8 

.39-6 1 

I 

1-42 

0-93 


Stent .apex with few 
young leaves 


l^adinibin inotliricl, culcuhitrd ns iiuli^Miiii nlOriLMiial 


There is very eonsiderable variation in the Miiioinit ot rediietidii shown 
by different lots. In Table VI Nos. 1 1 wore similar (■iillin{».s receivitm 

the, same treatment and givinir a fairly uniform increase in weiaht ; with the 
exception of No, 3, which appears to have yoiie wron^ in some wav. the 
ylnooside reduction is Jairly uniform. No.s. and (> are .snnilarh’ iiNiform ; 
of Nos, 7 -9, No. 9, which is rather low. was com])osorl of laruei’ cuttinL'’s with 
a lower initial content and showed les.s increa.se in weight owing to its 
shorter period of growth. 

In Table VII the loss of ghicosido varies with tin' ineivase in wi>igtit and 
initial content. Material was not available for <letermining the lelative 
importance of the latter factor in its relation to the reduction of ghicosidt' nor 
to see whether initial total nitrogen content was of impoitanct* in this resju'ct. 

It is quite certain from the above results tlnil cuttings containing the 
glneosidc make use of it during their development when nitrogen is imt 
supplied from outside. Analyses of the water on which I he cuttings wen* 
'jrown showed no trace of glucoside so that thtu“<! was no loss bv diffusiiui 
through the stalks or roots. 


UclatioYh between Glucoside Contefit of Lenf (tod Siugt' <f Derrlojuuenf. 

Imligofera arrectn and Wtighlia tincton<( have }>een exaniiiuHl in thi.s 
connection and in both cases the glucoside is found throughout the wlnile 
development of the leaf from its rudimentary condition at the gtviwiiig point 
to the fully mature state and even after leaf-fall. 



2ai 


PHYSIOLOGY OF INDI(40-YIELDING OLITCOSIDES 


Table VIII sIlovvs the, quantitative variation for different stages of /. 
arrecia. A and B represent two different plants ; in series A the duplicates 
a and 6 were chosen from the same parts of the plant and as nearly alike as 
possible. It will be seen that the actual amount of indican per leaflet increases 
throughout with increase of size. The percentage, however, is not constant 
since the content and weight do not increase proportionately. Series B 
shows that during the very early stages of growth the percentage increases 
to a maxinuim and then falls regularly to a minimum at maturity. Series A 
shows only the decrease since it docs not include sufficiently early stages to 
show the initial rise. 


Table VUI. 


ludigofera ar recta developing Lmf. 


No. 

Number of leatlets 

Weight 100 

Permang. N/lUO 

Indigotin 

analysed 

leaflets 

c.c, per 100 leaflets 

percentage 

Ala 

121 

0-7(1 

8-9 

0-88 1 

b 

lU 

(]-67 

8-6 

0-89 i 

a 

117 

0-91 

10-9 

0-83 1 

.. b 

109 

0*87 

101 

0-82 f 

a 

116 

1-35 

12-6 

0-65 1 

„ b 

ins 

1-23 

12-2 

0-69 f 

4 a 

115 

2-11 

19*5 

0-64 1 

0-62 r 

b 

126 

2-16 

19*3 

B 1 

393 

! 0-26 

3-1 

0*84 

o 

273 

0-36 

4-5 

089 

3 

278 

0-50 

6-6 

0*94 

4 

245 

0'71 

8-0 

0*80 

5 

209 

0-84 

9-0 

0-76 

6 

191 

1-12 

10-9 

0-67 

7 

210 

1*54 

13-6 

0-62 

S 

211 

1*89 

i 13-7 

1 

0-51 


N-B - — Indigotin precipitated, sulphohated and titrated with permanganate- 
Table IX shows similar relations for W. tinctoria with the exception of 
the initial rise which possibly occurs at a stage earlier than is included. It 
might appear from Nos. 4 and 5 that some loss of glucosidc from the leaf 
occurs in the last stages. There is little doubt, however, that this does not 
represent actual fact ; No. 4 comprised leaves of a slightly later peviod of 
growth than No. 5 and they would have become distinctly larger than the 
latter at maturity since, for a time, as the growing season advances, the size 
of the mature leaf increases. Thus it is more than probable that No. 4 leaves, 
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,1 lh« degree of maturity repreaentod by No, 5. lauv’lnv,, ,,|.|„v, iai.lv 

larger than the latter and the glucnsido eonteiit would have l.e,.,, 
^poiidingiy greater. 

In the second half of Table IX. „ represents a l„, oluained bv taki,,.. I„i 
iUialysis one leaf from each of n miiulfei’of pnirs ttf numnv toav.s, h 
prising the opposite loaves ivliieh wore loft o,i the ],h,iit f,>r .mt' nutnt 
I ben analysed. In each case the h's. at the time of analysis, ^von‘ just l»‘uinui„. 
((fshed, .several leaves liaviiig actually fallen and the (»tlier.'< fallim/fit a fimcli 
It is obvious that the glucosido content is muiltered bv lh(> ai'iiiLj of a ijiaiuro 
leaf, moreover there is no remova.l before leaf- fa II. 


Table IX. 

Wi'ightia tiiietoria (ievelufnutj Lvof. 



Numbci’ of 

Weight 



No. 

leaves 

106 



analjsed 

leaves 

leaves 

pc [Centaur 

1 


4 ’6 

0 047! 


S 

ido 

m i 

](>'4 

67 ‘•t 

O-llJO 

O'.-)!) 

i 

11 

ITjS 

O' 421 

0-4;; 



17,4 

0-,38N 

0-22 

I a 

17 i 

IT'2 

IJ-:171 

n-21 1 

b 

16 

1 

178 

0-477 

0 21 1 

n it 

17 

L'Ol 


01!) 1 

b 

17 1 

207 

o-4t;i 

Oisf 


AV liuliTutiu pieciiHtatcil anti uaknilaled a> in<li;/i>i in . 

Table X shows exactly the same for 1. ai'recia. In this eas*' bolorr .'^iiedding 
the leaf turns yellow; h represents such yeIl<ov leaf sliakcM liomihi' plani 
ill the early iiioi'iiing. u represents mature gri'oit leaf irom tin* same plant 
taken on the same day. The iiidican eontent is obviously tim .sana* for laitii. 
showing that no withdrawal takes })laco before leaf-fall. Tlji' iota) nitrogim 
content as given by Kjoldahl analysis shows that a very large ])rop<n'tioji of 
other nitrogenous matter has been withdrawn. Siniilarly uhilst lln* gixaui leal 
(■ontained large quantities of starch theriMvas nom* in tlio yellow. The fact 
that the iiulican remains intaet. whilst all the starch and a large jiroporthm 
of the total nitrogenous matter are removed belore shedding, siigge.sls tlial 
iiuUcan is of little importance as a nutrient substance, 

Siiu-I* thix was w-rittni tinyyanl liavy l>< iik/I oir 

'-■'Off of Jiidujo in miiur, pages 4 and o) llmt iinlimii arls as u iv.scrvc whidi i.s utui/.rd la tti*- 
plant at floweruv.^ ami Viine.s <if starvatinn. In vif\y nf the n-stth- tn'fv piddiocd Oc nuDiui 
nnahln (o accept tlicscM-niKaijsioiis. [F. It. Pd 
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Table X. 


Indigofera airecta falling Leaf. 


No. 

1 

Leaf 

Indigotin 
per cent. 

Equal to Nitrogen j 
per cent, | 

1 

Total Nitrogen 
per cen t. 

1 a 1 

Green 

U’45 

1 


b i 

Yei low 

0U8 

I 


*2 a. 

Green 

0-4< 

0*047 

0’97 

b I 

Yellow j 

0L7 

U'050 

0*39 

:i a i 

Green | 

0*48 

0 051 

0*97 

b 1 

Yellow j 

0-15 

0*048 

0*33 


N. /L~Iii(iigotin precipitated, siilphonated and titrated >vith peiinanganate. 


In this connection it may be remarked that the enzymic activity is less 
in the yellowed leaf than in the green. It was noticed that when yellow 
and green leaf of equal indican content were placed to steep in water under 
similar conditions there was considerably less action in the case of the yellow 
than the green. 

Kor a quantitative estimation of the differences some enzymically active 
leaf powder was made from yellow and green leaf respectively of the saroe 
plant by extraction with alcohol, under similar conditions, till colourless, drying 
and powdering. Equal w^eights, 0'4 gm., of these powders were added to 
2b0 c.c. aliquots of plant extract at 35® C and allowed to act for 25 mins, 
during which time they were well shaken. After addition of ammonia and 
thorough shaking and boiling they were filtered and the remaining indican 
estimated together with a control aliquot of the plant extract. It was 
found that of the original iudican IG' i per cent, had been bydrolised by the 
green leaf enzyme powder as against 11 '2 per ccjit. by the yellow. Thus a 
considerable loss of activity is shown after yellowing. Tlie reason for this 
is uncertain though it is possible that' part of the enzyme is removed along with 
the other nitrogenous material. 

Connection hetiveen Light and Glucoside Pmluclmi. 

That iudican production is not dependent on light was shown very easily 
by covering the stump of a cut down plant of Indigofem arrecla with a light- 
tight kerosene tin. Shoots arose from the stump and after two or three weeks 
these were analysed. They were typical etiolated shoots, devoid of chlorophyll, 
with very small leaves and long sleiider succulent steim Indicau was found 
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iiiallpaits. Thcii iiidicancontf^nt was eouipaml witk that (»!' uoimal jfhouts of 
the same age, a number of wliolo shoots tjf each being cut from t!ie stumps 
and analysed. 

Normal ... fl*71 per cent. in(iij>oHn. 

Etiolated ... ... O'L’S do. do 

Strict comparison is impossible owing to the ditl’eronl nature of tlio two— 
thus the very succulent nature of tlie etiolated shoois no doubt accounts 
partly for the low content. It is obvious that indican in considtu-ablc (plant ity 
can be produced ill the dark. Since an old stump without loavi's contains no 
iudican, it could not be a matter of translocation of already existing imlican. 

Molisch^ obtained the same result witji etiolated slioots of Ituluiofera 
{(nil, Marsdenia tinctoria and Isnlis fiuctoria but was not certain that thegluco- 
side was not translocated from normal leafy shoots which were present on the 
same plant in each case. On the other hand, he found that L^alis tinrloim 
seedlings produce no iudican wlien raised in the dark and .seedlings containing 
indican lose the whole of it when put into (hirkm^ss for two or tliive week.s, lie 
giv^es no account of the state of the seedlings after several weeks of darktK'ss 
and it is impossible, for this reason, to draw definite conclusions from his 
results. If the seedlings dropped nearly all their leaves, which coimmmly 
happens with plants put in darkness, tln^ indican contained in llicni w<»n]d 
be lost also. The fact that they contained no indican at the cud of tin; time 
would then mean that the leaves produced iu darkness unth'i' those condi* 
tions formed no indican. There would be no evidence that already existing 
iudican had been used up. 

This would be in accoi'd with tlu.* fact that seedlings laisial in tln^ dark 
produce no indican. On the other hand, he shows that indican is |)roduccd in 
etiolated slioots ari.sing from a largo plant of / This seeming anonialy would 
admit of the simple explanation that in a small siu'dling growing in darkness 
a very serious deficit of carbohydrates is bound to occur, whereas a larger 
plant or stump will contain sufficient carboliydrate, stored in its tissues, to 
carry on for a long time in darkness. Since the glucesside is directly dependent 
on some carbohydrate for its constniction, it is more than proliablc that simple 
lack of carbohydrate is responsible for its noii'procluction iiisiiiull seedling.^ 
grown or raised in darkness. 

Molisch“ also gives results showing tlie etTeet on the indican content 
of keeping plants of ImJiyofem sp. in the dark for 21 hours. Batclics of six 

t Molisch, H. Sit-Jj. da- Kals. Alad. d. /« 11'/'.,;. Bd- C'Vli, .diw b y- tlT. 

Luc, cit. 
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[ilajits weic analysed alter remaining in the open and being enclostMl I'or id 
hours in a light-tight covering respective! v. In each case the darkened plan* , 
showed a lower indican content than the normal plants left in the open, th..* 
difference varying from G'S — 17 ]jer cent, of the normal content. 

The following resulls olhained in this line of work differ very consideralh. 
from those of .Moliscli. The fiirgidity of Ihc leaflet varies considerably a* 
cording to the atmospheric conditions at different times during the day. Tln> 
alone produces variation in the indican content when the latter is calculated as 
percentage of fresh weight. For this reason the results have been given 
also as indigotin per 100 leaflets. The error due to variation in size of tlu^ 
leaflet is made comparatively small by the large number taken. 

Table X.I givc.s the indican content at sunrise and sunset respective!;, 
of Indigo leaves. Nos, I and 1 represent single plants of 1. ar recta ; No. 
represents a batch of twelve plants of /. sumalrana from eacli of which four 
loaves were picked for each of the four lots included. Normal mature leaves 
were taken in each case and the leaflets only were analysed by the indirnbin 
method. 


Table NT. 

Indigofera spp.. IiuUcan Contend after night and dag. 


1 

No.| 

Time of 

Nuniber of 

Weight 

Weight of 

Indigotin 

Indigotin per 

analysis 

leaflets 

10[} leaflets 

per cent. 

100 leaflet 

1 a 

.Sunrise 


7-8I 

2-86 

0-49 L 

0*0141 

b : 

Sunset 


7-02 

2-64 

0'u99 ; 

0*0134 

' 2 . a 

Sunrise 

'■ HIS 

GSfi 

2-18 

0-373 

0-UD813 

b . 

Sunset 

I o’.^l 

I 8-in 

1*88 

0-422 

0*00795 

.1 a ' 

Sunrise 

! 43G 

^ 23-28 

.5-34 

0-501 

0*0315 1 

a 

do. 

428 

22-04 

o-l.') 

0-608 

0-0313,1 

4 b : 

Sunset 

43.". 

■22 44 

yl6 

0-612 

O-0314 1 

h ; 

do. 

448 

23-07 

u’lo 

0-CI4 

0-D316.I 


It is obvious from the figures that I here i.s no apjU'cciable difference in 
iudicaii content between the two times. 


Table X fl gives a coni])a.i'ison betwceji the indican content of three batcher 
of /. aamatrana taken after iicelve hours daijJight (hirlg-six hours darhue^'^ 
respectively. Tliose marked a were analysed at simset after about twelve 
hours of dayhglit. tlio.se marked h. the same plants thirty-six hours later, at 
sunrise, after being two nights in the open and in darkness under a tent during 
the intervening day. .Vs before, mature leaves were taken and the leaflet-' 
only analysed by the indirnbin method. 
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'Paiu.k XI 1. 

1. suiuatrana hitinn)) ('n/ihui. 


(n) — affvr twoivo diW . 

{h)-nf(or lliirfy six li.xirs daikih -. 


No. 

Number of 
leaflets 

Weislit 

Weif^ln pel 
100 leaflets 

IniH^otin 
per eciu. 

Tn(lip;otiii per 

10(1 leaflets 

A vr’i'ai;i' 

1 a 

m 

16-63 


3 -50 

(1-583 

U-0191 1 

H-PHW 

a 

450 

16-26 


8 -61 

0-512 

te(il9() 1 

h 

4'AS 

u-ii 


.3-3(i 

0 568 

(1 lOSfl . 

0 0! S2 

h' 

4i-2 

14-10 


8-19 

( ( '5)58 

0'0!7S 1 

- a 

519 

19-13 


3-19 

0 580 

()-(|-3(l2 1 

It il-JiHtj 

a' 

1 529 

19-06 


3-60 

[>■551 

!t-oigy 1 

1) 

503 

16'4S 


3-3S 

0-5S9 

0-019:1 1 

0 dllill 

b 

533 

IS -57 


3 '49 

0-572 

'>‘11109 « 

a 

284 

11-24 


8*96 

0-G29 

11-0249 1 


a 

281 

11-28 


4-(l() 

0-.590 

11-0280 1 

1.-11242, 

b 

2(31 

I1-S4 


4-49 

0-586 

II 0241 I 

II (|-24‘ll 

b 

200 

11-42 


4-40 

U-5s5 

II e-357 1 


The figures 

■[irove definitely 

that ■ 

there is nu 

large iilterat iun 

111 indie 


coutent' after tliirty-six hours of dai'knt'ss. It- is ]ii'ol)ah!(‘ that lh<- small 
variation shown is rlue to cxperiniejilal cirnr in satn])linL,f and analysis, tin* 
whole nature of tlie experiment making.' it very dilfirnh to' ont nxaef 
results. 

It follows from these results tlia1 either iixliran remains nnalternti in ilu- 
mature leaf, taking no part in normal nietaholism. or. if it takes part in nieta- 
Itolisni, its rales of prodnetion and removal areaimroxnnately e<jnal irrespective 
of wliether the plant is in light or darkness. 

It is not easy to see why Alolisidi's results slowed a large rediief ion m 
mdiean cojitent in the leaf after twenty-four hours in darkness. Me nogleeted 
the yariation due to differences in turgidity -dilTerenees llial might amouni 
to a very considerable proportion if not s])eeially guarded against. Mis plants 
were enclosed for twenty-four hotirs in a eoyeriiig of which In* gives no descii|)- 
doii. It is quite coinnion; when a plant is enclosed witli an airtight CfA-eiing. 
ier the leaves to tiiin blackish and jnany (.»f the young shoots to die even 
after twelve hours under certain condil ions. .I’ossihiv he was aeluuliy ineusur- 
hig the effect on indioan content of a pathological condition set up by the 
conditions of his experiment' It may be noted tiiat the plants ol lable Xll 
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above were perfectly healthy looking after their spell of darkness since 
period of only twelve hours was spent under a covering and that was largi^ 
and admitted of ventilation. 

Function of Glucoside. 

Two suggestions have been put forward of the function of indigo-yieldieg 
glucosides, both tentatively and without definite supporting evidence. 

Molisch/ as a result of his work to which reference has already been 
made, considers that some definite connection exists between indican produc- 
tion and carbon dioxide assimilation and suggests that indican may represent 
the first step in the synthesis of proteids from carbohydrates and inorganic 
nitrogen. 

The formation of the glucoside is obviously dependent on the presence of 
a carbohydrate, but that there is no immediate connection with carbon dioxide 
assimilation follows from the fact tliat indican is produced in the etiolated 
shoots arising from an indigo stump kept in darkness. Moreover the occur- 
rence of the glucoside in the roots only of Wrighiia tomentosa points to the 
same conclusion. 

With regard to its function in metabolism as the first nitrogenous organic 
product in the synthesis of proteids it is very unlikely that it is confined to this 
role, Indigo seed, which contains no indican, if supplied with nitrogen-free 
water, produces seedlings containing indican. This was not carried out under 
absolutely sterile conditions but no trace of nodule formation could be seen. 
As shown above, Tables III and IV, the amount of glucoside contained in the 
seed of Wrighiia tinctoria increases considerably on germination and growth 
on nitrogen- free water. It is probable that the glucoside in these cases is 
produced at the expense of higher organic compounds by catabolic processes. 

That the glucoside can be used as a nitrogenous reserve appears evident 
from the results given in Tables III, VI, and VII which show the reduction in 
glucoside content produced by the -nitrogen starvation of seedlings of II'. 
tinctoria, and cuttings of Folygomun iinciorium and Sirobihnihes ftuccidifolius 
respectively. 

Whether this is a normal function is open to doubt. If this be the case 
it appears unlikely that so large an amount of glucoside would remain in 
seedlings on the point of death from nitrogen starvation — Ko. 9, Table III. 
Moreover it has been shown that the w-hole of the glucoside is thrown away 
at leaf -fall whereas a large proportion of other nitrogenous matter and all 

1 MolUch, H. SUiih’ der Knis- Akad- d. Igwir. m Wi€n> Bel. CVIT, Abt. 1, 1898, p. 747, 
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the starch is removed from tl\o leaf before it falls. Tliis not point to 
the importance of the glucoside as a reserve material. 

It seems unlikely that a compound functioning as a resen'o, or as a stop in 
normal metabolism, should remain so reinarkably uniform in concent rat itm as 
indican is found to be. Its maximum percentage concentration oenus whilst 
the leaf is very small. As the leaf develops the actual coiitorst of indican 
increases and reaches a maximum at about maturity. The rate of increase, 
however, does not keep pace with the growth of the loaf, thus rt'snltitig in a 
gradual decrease in the percentage content. After once attaining a maximum, 
at the maturity of the leaf, the amount of indican remains nualtered. day and 
night, throughout its life and even at leaf-fall no alteration can ])e detected. 

It is fairly certain that the seasonal. variatimrs in flic })ercent,age coti- 
tent of mature leaf of a plant arc due to variations in the amount of indican 
produced during the development of different flushes t>f lea f . Tims it is (>ommon 
to find that the leaf produced during a rapid flush after rain contains a lower 
percentage of indican than the already existing older leaf that was produced 
more slowly. 

This is in accordance with the well known fact that rank growth tends to 
low indigo content and shnv growth to high coiitcuh. Another exain]>le of 
this is seen in the usual effect of heavy nitrogenous manuring of indigo: tlie 
amount of green leaf is increased eonsidorahly hut its ])ci'ccnt:ig<' content is 
very much reduced. 

Walther^ suggests that indicaii is a ]jfOchromo(/ei} and tliat indoxyl 
functions as a respiratory chromogen in accordance- with Ihilladin's tlicorv 
of respiratio]!. He shows that the other rcqniromcnt.s of the theory, oh., 
reducing and oxidizing enzymes, are both present, so that the suggestion is 
possible but remains to be proved. 

It seems that considerable further knowledge on tin: whole subject is 
necessary before any conclusions can be drawn as to the function of the gluco- 
side. There is consideTable doubt as to whether the function is the same in 
different species and it is quite certain that the actual glucoside is not the same 
in all. 

Summary. 

The following is a summary of the cniiclusions arrived at as a result of 
the above investigations : — 

1. An indigo -yielding glucoside is present in the root and seed of both 
Wri^hiia tinctoria, Br. and IT. imnen(osQ B. and S. It is absent from the leaves 
of the latter. 

t Walthor, Oscar. Ber. d. Devtsdi. Bai- Gesd^> Bd XXt II, 1000, p. loa. 
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2. Tho glu(*f)!=iiHe. aiifl its enzyme in ir. tinctona are distinct from 

nf Itiflif/ofertf anrrfa and /. svmalrana althoiigli ^yr^gh{ia enzvme has soii.|i 
action on Iwliggfera glucoside aT\d rice versa. 

3. II'. tinciorifi seed, when germinated and grown without nitroecii, 
increases in glucosidc coirtent till it becomes al)Out trel)]ed at about fotiv 
days. As nitrogen starvation begins to show the amount decreases but is 
still considerable when the seedlings are on the point of death, 

I. ir. fomeulosa seedlings .show no appreciable increase of gluccsicii- 
nnder the same (■f)nditions. 

5. When cuttings of Pohiyonam lihctoriuni and Sfrohikmlhes fiucculifoJtes 
are grown witliont nitrogen part of the glucosidc disappears. presumal)Iv 
being used ii]} as a nitrogenous reserve. 

6. Ill IF. lincloria and I. arrecla the maximum percentage content occurs 
at a very early stage in the development of the leaf. The actual amount in any 
leaf, however, increases during growth to a maximum at maturity and remains 
con slant till leaf-fall when the whole i.s present in the fallen leaf. 

7. Indican is produced in the dark hy etiolated slioot.s of I.arrecia. 

8. There i.s no variation in mdican content between night ami dav 
\n /. ar recta And !. Sumatra no. Moreover no marked effect is produced hv 
keeping plant.s of I. sumalraua in the dark for thirty-six hours. 

9. In the light of present knowledge no definite function can be assigned 
to indigo-yielding glncosidesin general or to the glucosideof any special species. 
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MaxWELL-Lefroy, M.A., F.E.8., F.Z.S, Price, Ks. 7-8. 

Vol. IV, No. 1. Kri Silk, by H. Maxwell-Lefrov, m.a., f.e.s,, f.z.s,, ami C. C. Ghosh, 
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0 / print,) 

No, 12. The Making and Care of Lawns in India, by A, Howa)id, m.a,, a.ird.s. F.r.s, 
Price, As. 4 or 6 d, [Out of print,) 

No. 13. Sugarcane at the Partabgarh Experimental Station, by G. Clark E, f.e.c. ; and Khan 
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No. 22. The Milling and Baking Qualities of Tiulian Wheats, No. 3. Some new Pusa Hybrids 
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No. 35. Report on the Flax Experiments conducted at Dooriah during the year 1912-1 , 
by K. M. VANDEKERKHOVE. Price, As. 3 or 4d. 



BULLETINS ISSUED BY THE AGRICULTURAL RESEARCH INSTITUTE, 
PUS A — concld. 

No. 36. Note on the M’Fadyean Staining reaction for Anthrax bacilli, by Major J. D. R 
Holmes, M.A., D.Bc,, M.R.o.v,8. Price, As. 4 or 5(i. 

No. .37. Notes on Experiments with Sugarcane at Sabour, by C. SOMBRs ‘Taylor, r.x. 
Price, As. 2 or Sd. 

No. 38. Disintegration of Rice Grains by means of Alkali, by F. J, Wamh, m.Sc. ; and D. 
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M.A., B.sc. Price, As. 4 or 5d. 
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